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ABSTRACT

Diverse information sets and regulatory mechanisms are necessary for the manage-
ment of essential fish habitats (EFH) and protected areas involving multispecies fisher-
ies. We therefore identified key pelagic and demersal developmental patterns among the
73 species of the snapper-grouper complex of the South Atlantic Fishery Management
Council. Twenty-two potential spawning aggregation sites for eight snapper species near
the Dry Tortugas and Key West were identified by commercial fishermen. Mean larval
duration estimates were available for 15 species and ranged from 14 to 75 d. Larval
durations for grunts, snappers, and groupers are within the residence times of some gyres.
Settlement areas are depth stratified and, settlers often use shallower habitats than adults.
Demersal stages of at least 50 species showed some degree of ontogenetic migration
across the shelf, but most evidence suggests that sirict estnary dependence is a rare life-
history strategy among the species in the complex; facultative use of estuaries is more
common. Including key nursery habitats in protected areas may not safeguard early life
stages affected by coastal construction projects unless the design process is coordinated
among agencies responsible for water quality and habitat protection through tools such
as EFH. Sites that consistently support spawning aggregations for multiple species re-
quire management both as EFH-Habitat Areas of Particular Concern and, potentially, as
no-take protected areas. The most itrnportant known snapper spawning aggregation site in
the lower Florida Keys is Riley’s Homp. Despite a site closure in May and June, aggrega-
tions of several other snapper species are heavily fished later in the year. A year-round
closure to protect both fish stocks and remaining habitat integrity is warranted.

Coastal development and fishing activities may affect multiple life stages of the same
species, although these activities are often managed under different regulatory regimes.
The need to unify coastal land management with fishery management was reinforced by
the essential fish habitat (EFH) provisions in the reauthorization of the Magnuson-Stevens
Act (NOAA, 1996). Accordingly, the South Atlantic Fishery Management Council char-
acterized EFH for species in its jurisdiction (federal waters of North Carolina through the
east coast of Florida) in a comprehensive amendment that included seven fishery man-
agement plans (SAFMC, 1998a,b).

Development of regulatory initiatives for multispecies management units can be con-
founded by high phylogenetic and ontogenetic variability. This problem is particularly
apparent in the Snapper-Grouper Fishery Management Plan, which includes 73 species.
The snapper-grouper complex is the most diverse management unit under council juris-
diction, and its species use a broad array of habitats across the entire continental shelf. In
addition to the EFH initiative, many researchers and managers now suggest that no-take
areas, commonly called marine protected areas or reserves, may be necessary for sustain-
able fishery management (Plan Development Team, 1990; Allison et al., 1998; Johnson et
al., 1999), The council’s protected-area work has largely emphasized the snapper-grouper
complex.
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Both EFH management and protected-arca design are aided by the identification of
shared patterns of development for key species groups. Many managed species (e.g.,
lutjanids, serranids) spawn at aggregation sites that serve as concentrated sources of lar-
vae. [nteractions among larval developmental patterns (such as planktonic durations),
behaviors, and current systems determine dispersal distances. Settlement areas can be
inshore of spawning areas, and cross-shelf migrations to deeper habitats often connect
settlement areas to spawning sites. Therefore, spatially discrete areas within much broader
distributions can serve as foci for the management of both habitats and fisheries.

The present study summarizes available information on key pelagic and demersal de-
velopmental patterns to build a foundation for EFH and protected-area decision making
for the snapper-grouper complex. We identify potential spawning-aggregation sites and
larval-duration patterns and estimate inshore and offshore boundaries of demersal life-
stage occurrence among species. The use of such information in the management process
can be influenced by political factors unrelated to research, and knowledge of administra-
tive procedures can better focus research applications. Therefore, we also summarize the
council’s administrative approaches toward EFH and protected-area management for the
snapper-grouper complex.

MEeTHODS

SPAWNING AGGREGATIONS AND LARvAL Durations.—Published information on spawning sites was
limited for species of the snapper-grouper complex, and detailed habitat information was almost
abgent, but some spatial information on spawning was available in Thresher (1984}, Grimes (1987),
Garcia-Cagide et al. (1994), and Domeier et al. (1996). Because information was so limited within
council waters, experienced commercial fishermen were also interviewed. Only sites with unus-
ually high catches of fishes with running-ripe or enlarged gonads during known spawning months
were identified as potential spawning-aggregation sites. These fishermen averaged over 20 yrs of
commercial hand-line, spear, or rod experience and included members of the Florida Keys National
Marine Sanctuary Advisory Council, the Tortugas 2000 Working Group, and the South Atlantic
council, Two areas in the council’s southern jurisdiction were emphasized: the lower Florida Keys
(D. DeMaria and P. Gladding) and east-central Florida (B. Hartig). Snappers were emphasized, as
less information was available than for groupers (Koenig et al., 1996; Domeier and Colin, 1997).

Planktonic larval durations (PLDs) can be estimated from microstructural transitions in otoliths
(Keener et al., 1988; Victor, 1991) or from the age of fishes after first demersal appearance {McFarland
et al., 1985; Rohertson, 1988). Available PLD estimates were tabulated from the literature. When
estimates were available for more than 1 yr (e.g., Sponaugle and Cowen, 1997), we used the mean
for all years. Several attributes of presettlement stages were aiso examined. We focused only on
postflexion larvae (late stages in which notochord flexion is complete). Larval identification status
was based on input from experts in ichthyoplankton taxonomy.

Demersal DISTRIBUTION PaTTERNS.—Becanse cross-shelf distributions have been summarized for
few species within the snapper-grouper complex, we characterized three fundamental attributes:
(1) inner and outer distributional boundaries of newly settled stages, (2) distributions of juveniles
and adults, and (3) presence or absence of ontogensatic cross-shelf migrations. The term ‘newly
settied’ refers here to the life stage that first associates with or remains near demersal structures.
Because fine-scale information is lacking for many species, comparative cross-shelf distribution
patterns were based on depth ranges (<10 m, 10-30 m, and >30 m). The presence of ontogenetic
cross-shelf migrations was based on occurrences of successively older life stages from at least two
of these depth zones. Three broad structural habitat categories were used: submerged aquatic veg-
etation (SAV), hard bottom (including oyster-shell habitats and hard/soft corals), and unconsoli-
dated sediments.
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Information on habitat use was obtained from a diverse literature (e.g., Hildebrand and Schroeder,
1928; Longley and Hildebrand, 1941; Nakamura et al., 1980}, More recent information was ob-
tained from council source documents (SAFMC, 1983a, 1998b) and from Munro (1983), Polovina
and Ralston {1987), Sale (1991), Claro {1994), and Arreguin-Sanchez et al. (1996). Most original
studies on snapper-grouper species from within or near the council’s jurisdiction were also re-
viewed, including studies on individual species or species groups (e.g., Matheson et al., 1986;
Manooch, 1987, Grimes et al., 1988; Sedberry et al., 1994) or on specific habitat types (e.g.,
seagrasses: Sogard et al., 1987; mangroves: Thayer etal., 1987, Ley et al., 1999; coral reefs: Bohnsack
et al., 1987; Chiappone and Sluka, 1996, gorgenians: Ault and Bohnsack, unpubl. data; hard bot-
tom: Sedberry and Van Dolah, 1984; Lindeman and Snyder, 1999; mid-shelf and deep reefs: Chester
et al,, 1984; Parker and Mays, 1998).

ApMNISTRATION OF EFH aAND PROTECTED AREaS.—Essential fish habitats (EFH) were defined
(NOAA, 1996) as “those waters and substrate necessary to fish for spawning, breeding, feeding, or
growth to maturity.” All fishery-management councils had to amend management plans to identify
EFH and human-caused threats by October 1998. To identify information sources and gaps, the
South Atlantic council held workshops on wetlands, oyster/shell habitat, seagrasses, pelagic habi-
tats, coral and hard bottom, artificial reefs, mapping, and research needs. A draft habitat plan was
then generated by 13 writing teams. After public and agency comments were received, final editing
was conducted by the council’s Habitat Committee, Habitat and Environmental Protection Advi-
sory Panel {AP), and Coral AP. Ultimately, two documents were produced: a comprehensive amend-
ment that idemtified EFH for seven management plans (SAFMC 1998a) and a habitat source docu-
ment (SAFMC, 1998b).

The EFH guidelines recognized subunits termed Habitat Areas of Particular Concern (HAPCs)
that can be identified by at least four criteria: (1) importance of ecological functions, (2) sensitivity
to degradation, (3) probability and extent of effects from development, and (4) ranity. The council
had previously used the term HAPC inn 1983 to manage habitats and snapper-grouper species at the
Oculina Bank area of east-centrat Florida under the Coral Fishery Management Plan (SAFMC,
1983b). In the EFH amendment {(SAFMC, 1998a), the council also designated new habitat areas of
particular concern, but these were termed Essential Fish Habitat—Habitat Areas of Particular Con-
cern (EFH-HAPCs) to differentiate them from the Oculina Bank HAPC.

The term protected area can include many management goals and reguiatory tactics. We use the
term for areas that are completely clesed to all fishing effort (alse termed no-take areas or marine
reserves). The administrative context of our approach is based on a variety of council initiatives.
These include gear and species closures at the Oculina Bank (SAFMC, 1983b,c), analyses of pro-
tected-area functions (Plan Development Team, 1990), public scoping meetings, and an action plan
to guide design and implementation processes. Council approaches are also derived from protected-
area design experiences with the Florida Keys National Marine Sanctuary (Bohnsack, 1997) and
the Tortugas 2000 Initiative to site reserves in the lower Florida Keys. Because of the recency of this
initiative and the role that habitat issues played, we focus here on several examples from the Dry
Tortugas area.

REsuLTs

THE SNapPPER-GROUPER FISHERY MANAGEMENT UNIT

‘Ten families are managed under the Snapper-Grouper Fishery Management Plan (Table
1). Association with coral or hard-bottom structure during part of the life cycle and con-
tributions to an interrelated reef ecosystem were the primary criteria for inclusion of
species (SAFMC, 1983c¢). The management unit is phylogenetically diverse and includes
representatives of two perciform suborders {Percoidei and Labroidei) and the order
Tetraodontiformes. Groupers, snappers, and grunts, all percoids, comprise 46 species
(63% of the total). Currently, the late planktonic stages of over 40 species cannot be
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Figure 1. Commercial landings and values for families managed under the Snapper-Grouper Fishery
Management Plan. Means were plotted from 1995 through 1997 commercial logbook data.

definitely identified at the species level (Table 1). This problem constrains empirical analy-
ses of larval dispersion and recruitment processes.

The most valuable commercial families from 1995 through 1997 were groupers, snappers,
jacks, tilefishes, and porgies (Fig. 1). The most valuable species were yellowtail snapper
(Ocywrus chrysurus), vermilion snapper (Rhomboplites aurovubens), gag (Mycteroperca
microlepis), greater amberjack (Seriola dumerili), and golden tilefish (Lopholatilus
chamaeleonticeps), which had mean annual values ranging from $3.0 to $0.9 million. Recre-
ational catches may exceed commercial catches in some species (e.g., gray snapper, Lutjanus
griseus). An absence of detailed recreational catch statistics confounds direct comparisons.
A porgy not currently in the management unit, spottail pinfish (Diplodus holbrooki), now
forms a substantial fraction of some Carolina fisheries, perhaps because of reduced abun-
dances of red porgy (Pagrus pagrus) (Manooch and Potts, 1996).

The Magnuson-Stevens Act provides that, if a species is overfished, all habitats it uses
should be considered essential (NOAA, 1996). Sixteen species of the snapper-grouper
complex are overfished according to recent council assessments (SGA, 1999): 10 grou-
pers, two snappers, two porgies, one grunt, and one tilefish (Table 1). Recent assessments
for the Florida Keys identified 13 grouper, seven snapper, and two grunt species as over-
fished (Ault et al., 1998).
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Table 2. Potential snapper spawning aggregation sites near the Dry Tortugas (83°30'-82°30' N)
and Key West (82°30°'—81°30" N). Based on sites with abundant catches of fishes with running-
ripe ot enlarged gouads during spawning months.

Approximate  Structural Peak
Species Location depth (m) habitat months
Gray snapper  Dry Tortugas area
L. griseus (1) Riley's Hump 26 Coral/hard botton  Jul-Aug
{2) NW Dry Tortugas Natl. Park 15-18  Hard bottom/coral Jul-Aug
(3) Tail End Buoy 21-34 Coral slope Jul-Aug
Key West area
(1) 8SW West. Dry Rocks (WDR) 15-37  Coral/hard bottom Jul
(2) W of WDR (on reef slope)® 18-34 Coral/hard bottom Jul
(3) WNW of WDR (inside reef) 9-[4  Coral/hard bottom  Jul
(4) Eyeglass Bar (SE of Sand Key)  20-26 Coral/hard bottom Jul
(5) Maryland Shoals 20-24  Coral/hard bottom Jul
Cubera snapper Dry Tortugas arca
L. cvanopterus (1) Riley's Hump 26—35 Coral/hard bottomn Jun~Aug
(2) Wreck* 67-85 High-relief wreck  May
Key West area
(1) Wreck® 67-85 Higherelief wreck  June
Mutton snapper Dry Tortugas area
L. analis (1) Riley's Hump* 26-34  Coral/hard bottomm May—Jun
(2) Quicksands 4-6 Sand/hard bottom May~Jun
(3) Tail End Buoy 26 Coral slope May—Jun
Kev West area
{1) Western Dry Rocks 12-37  Coral/hard bottom May—Jun
Yellowtail Dry Tontugas area
0. chrysurus (1) SW Riley's Hump 26-30 Coral/hard bottom May-Jun
Lane snapper  Dry Tortugas area
L. synagris (1) N of Rebecca Shoal 17 Hard bottom/grass  Jun
Red snapper Key West area
L. campechanus (1) SE of Cosgrove Shoal® 35 Mud/hard bottom
(2) SW of Cosgrove Shoal® 79-98  Hard battom
Dog snapper  Dry Tortugas area
L. jocu (1) Riley's Hamp 26 Coral/hard bottom  Summer
Schoolmaster  Dry Tortugas area
L. apodus (1) Tortugas Bank 18 Coral/hard bottom Jun
(2) Vestal Shoals 6-9  Coral ledge Jun

Tdentified as a potential snapper spawning site by Domeier et al. (1996).
bAggregations absent since 1970s.

DEVELOPMENTAL PATTERNS: SPAWNING THROUGH SETTLEMENT

Spawning Aggregation Sites.—Seven families of the snapper-grouper complex are
gonochoristic, and two are protogynous (Table 1). Both patterns are present within the
porgy family. To identify specific spawning sites, we focused on aggregations, the most
apparent source of spatial spawning information. Limited published information existed
only for two grouper and four snapper species (Wicklund, 1969; Gilmore and Jones, 1992;
Domeier et al., 1996), but considerable commercial fishery evidence of snapper spawn-
ing aggregations existed in the southwest Florida Keys, particularly in the Dry Tortugas
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Table 3. Planktonic larval duration estimates for species managed under the Snapper-Grouper
Fishery Management Plan. Larval durations are based on otolith increment transitions (settlement
marks) in groupers, snappers, and wrasses. In grunts and triggerfishes, discrete settlement iransitions
were not found, and larval-duration estimates were based on otolith-derived ages from newly settled
specimens. In all taxa, estimates reflect postfertilization larval durations; a correction factor of 3 d
was added if necessary to reflect the approximate number of days between fertilization and first
otolith increment deposition.

Planktonic
Species in Snapper- larval duration
Grouper Fishery (days)
Management Unit Mean Range Region Reference
Serranidae—groupers
Epinephelus striatus 42 3745 Bahamas Colin et al. (1997)
Mycteroperca bongci 41 3145 South Carolina Keener et al. {1988)
Mycteroperca microlepis 43 33-66 South Carolina Keener et al, (1988)
Lutjanidae—snappers
Lutjanus analis 31 27-37 SE Floride/NW Cuba Lindeman (19%972)
Lutjanus apodus 32 27-39  SE Florida/NW Cuba Lindeman (19972)
Lutjanus griseus 25 22-29 W Florida Allman (1999)
Lutjanus griseus 39 3348 SE Florida Lara et al. (unpubl. data)
Lutjanus griseus 33  25-40 SE Florida/NW Cuba Lindeman (1%97a)
Lutjanus griseus 30 24-37 North Carolina Tzeng (2000}
Lijanus synagris 34 28-40 SE Florida/NW Cuba Lindeman {19974}
Lutjanus synagris 18 15-23 W Florida David (unpubl. data)
Ocyurus chrysurus 31 25-35 SE Florida Lindeman (1997a)
Ocyurus chrysurus g 32-47 SE Florida Lara et al. (unpubl. data)
Haemulidae—grunts
Anisotremus surinamensis 17-22 Florda Lindeman et al. (unpubl. data)
Anisotremus virginicus 15-20 Florida Lindeman et al. (unpubl. data)
Haemulon flavolineatusn 15 1320 St Croix McFarland et al. (1985)
Haemulon flavolineatum 14-17 Panama Victor (1991)
Haemulon flavelinearum 13-17 Florida Lindeman et al. {unpubi. data)
Hameulon parra 14-18 Florida Lindeman et al. {(unpubl. data)
Labridae—wrasses
Halichoeres radiatus 24 20-28 Barbados Sponaugle and Cowen (1997)
Halichoeres radiatus 25  22-31 Panama Victor (1986)
Lachnolaimus maximus 26 21-30 Panama? Victor (1986)
Balistidae—triggerfishes
Balistes verula 75 63-83 Panama Robertson (1988)

(83°30-82°30"N) and Key West arcas (82°30--81°30"N). We therefore focused on these
arcas because of an ongoing initiative to establish protected areas near the Dry Tortugas.

Thirteen sites for seven species were tentatively identified in the Dry Tortugas area
(Table 2). Riley’s Hump was a potential spawning-aggregation site for five snapper spe-
cies, more than any other area (Table 2). Peak mutton snapper spawning probably occurs
in the early summer (May and June), followed by cubera and gray snapper in July and
August. The Tortugas Bank area is heavily fished, and gray snapper are caught with en-
targed gonads, yet spawning aggregations comparable to those at Riley’s Hump are not
known (P. Gladding, pers. comm.). Gray snapper was the only snapper commercial fish-
ermen believe may aggregate for spawning within Dry Tortugas National Park. East of
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the park, spawning mutton snapper may aggregate at Tail End Buoy and the Quicksands,
and aggregations of gray snapper and lane snapper were reported from Tail End Buoy and
Rebecca Shoal, respectively (Table 2). Interannual variations in aggregation presence can
occur, particularly in sites subjected to heavy fishing (D. DeMaria and P. Gladding, pers.
comm.).

In the Key West area, nine probable spawning sites for four snapper species have been
commercially or recreationally fished (Table 2). Five of these were for gray snapper.
Three were in the Western Dry Rocks area of the outer reef tract, only several kilometers
apart (D. DeMaria, pers. comm.). An additional gray snapper spawning site, at Eyeglass
Bar, is 5 km from the outer boundaries of the Western Sambos protected area. Spawning
cubera snapper are fished on a deep wreck (45-80 m), and mutton snapper are taken at
one of the Western Dry Rocks sites that spawning gray snapper use (D. DeMaria, pers.
comm.). Two of the sites identified in the Key West area were once used by the red snap-
per (Table 2), but these aggregations were apparently fished out in the 1970s.

Commercial fishermen identified a potential spawning aggregation of large yellowtail
snapper at Riley’s Hump (Table 2). Domeier et al. (1996) suggested that this species does
not form spawning aggregations. These interpretations arise from several factors. Yellow-
tail are observed by fishermen to spread out along the reef tract and to show less site
fidelity. They also have a protracted spawning season (Garcia-Cagide et al., 1994), and
heavy chumming by fishermen may induce artificial aggregations. We tentatively con-
clude that yellowtail spawning aggregations can occur in the lower Keys but probably
involve fewer individuals and less site fidelity than many other snapper species.

Planktonic Larval Durations and Settlement.—PLD estimates were available for 15
snapper-grouper species (Table 3). The high estimate was for Balistes vetula (75 d}, fol-
lowed by those for three grouper species (means 41-43 d; Table 3). Means for five snap-
per species ranged from 31 to 39 d in samples from southeast Florida. Means for gray and
lane snappers from northwest and southwest Florida samples were lower: 25 d (Allman,
1999) and 18 d (David, unpubl. data). In two wrasse species, means ranged from 24 to 26
d. Grunts had the shortest PLDs; estimates ranged from 13 to 20 d in Haemulon and
Anisotremus species (Table 3).

Geographic variation of mean PLDs was low (less than 1-2 d) in Halichoeres radiatus
from Barbados and Panama and Haemulon flavolineatum from St. Croix, Panama, and
southeast Florida (Table 3). Gray and lane snappers from northwest and southwest Florida
may not differ significantly in larval duration (Allman, 1999; David, unpubl. data), Dif-
ferences on the order of 1—3 wks occurred between gray and lane snapper specimens
from west and southeast Florida (Table 3). Estimates for four snapper species from both
southeast Florida and northeast Cuba did not differ significantly (Lindeman, 1997a), but
sample sizes were low, and this conclusion is tentative.

Planktonic durations can be influenced by associations with structural features of the
water column or the bottom during transitional periods before the completion of settle-
ment. Jack and triggerfish species have been commonly recorded from floating Sargas-
sum (Settle, 1993; Table 1). Sixty-one species in the fishery management unit have not
been recorded in appreciable numbers from Sargassum (Table 1). Species within two
genera of grunts may ephemerally associate with the bottom before irreversible settle-
ment (Lindeman, 1997a).
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DEVELOPMENTAL PATTERNS: POSTSETTLEMENT

Distributions of Newly Settled Stages.—On the basis of the available literature and
writing-team reviews (SAFMC, 1998b), distributional patterns of newly settled stages
were summarized in terms of depth ranges and structural types. The most common depth
range for newly settled stages was 0-10 m (over 35 species; Table 1). At least 80% of
snapper and grunt species use this depth zone for settlement. Despite the well-documented
inshore occurrence of gag, jewfish (E. itajara), and black grouper (M. bonaci), many
grouper species do not appear to settle in areas shallower than 5 m (Table 1). Various
grouper specics are cryptic for days or weeks after settlernent, however, and depths and
structural habitats used are poorly known.

At progressively smaller spatial scales, numerous habitat types can be defined by both
structural and water-quality attributes. Detailed information is often lacking, but evi-
dence suggests that 33 species primarily use hard bottom, corals, or oyster bars {and
possibly associated sediments) at settlement (Table 1). Use of both SAV and hard bottom
has been recorded for 15 species. Evidence of only SAV use was found for 17 species.
SAV here includes grasses and algae but not mangrove roots, which may be unfavorable
settlement sites because of high abundances of predators. These differing patterns of struc-
tural habitat use at settlement were present within some of the most diverse families in the
management unit (e.g., snappers and grunts). For example, Lutjanus griseus and Haemulon
sciurus predominantly settle in SAV (Table 1). Lutjanus mahogoni and H. macrostomum
settle predominantly or entirely on hard bottom or corals (or associated sediments). Lutjanus
synagris and H. parra can settle on either SAV or hard bottom habitats. Usage of both
habitats by newly settled stages is best documented in the latter two species. Opportunis-
tic habitat usc at settlement is common in at least eight species of grunts and snappers
(Lindeman et al., 1998).

Distributions of Juveniles and Adults.—Cross-shelf distributional patterns of juvenile
and adult stages were compiled from occurrence information from three depth zones
(<10 m, 1030 m, >30 m) that generally correspond to inner shelf, mid-shelf, and outer
shelf regions. Adults of almost all species occurred in outer shelf areas (Table 1). Mid-
shelf and inner-shelf areas were commonly occupied by immature life stages. This pat-
tern held for all 11 grunt species and nine of 14 snapper species within the management
unit (Table 1). Juveniles of many species occupy shallower water than adults commonly
inhabit (Longley and Hildebrand, 1941; Starck, 1970; Nakamura et al,, 1980; Nelson et
al., 1991), and we estimated that at least 50 species show some degree of ontogenetic
cross-shelf migrations (Table 1).

Ontogenetic migrations often do not involve movements across the entire shelf. In the
northern council jurisdiction, where the shelf is wider, many species may settle in mid-
shelf areas and move to deeper waters with growth. In contrast, juvenile gray snapper are
relatively common in North Carolina estuaries but are uncommon offshore as adults (C.
Maneoch, pers. comm.). On the narrow shelf of southeast Fiorida, nearshore settlement
outside of inlets occurs in some species of Haemulon, Scarus, Diplodus, and Lutjanus
that also settle inside bays and lagoons (Lindeman and Snyder, 1999).

Adults may migrate tens or hundreds of kilometers to reach spawning sites, either
across or parallel to the shelf. In the Florida Keys, gray snapper abundances in canals
and mangroves can drop substantially as mature stages move to deeper areas to spawn
(Starck, 1970). Mutton snapper aggregations at the Quicksands area west of the Marquesas
(Table 2) are composed of smaller adults (30—45 cm) than mutton aggregations on recfs



LINDEMAN ET AL.: COMPARATIVE DEVELOPMENTAL PATTERNS 0941

Table 4. Preliminary estimates of facultative and obligate use of estuaries by species within the
Snapper-Grouper Fishery Management Unit. Additional information in text and Table 1.

~No. of estuary

Family (total spp.) ~No. of estuary facultative species dependent species
Groupers (21 spp.) 3 (Epinephelus morio, Mycteroperca bonaci, 1-2 (M. microlepis,
Centropristis striata) E. itajara?)
Snappers (14 spp.) 5 (Lutjanus analis, L. apodus, L. mahogoni, 1-3 (L. cyanopterus,
L. synagris, Ocyurus chrysurus) L. griseus?, L. jocu?}
Grunts (11 spp.) 7—-8 (Haemulon parra, H. plumieri, 0

H. flavolineatum, H. chrysargyreum,
H. aunrolineatum, Anisotremus virginicus,
H. sciurus, H. album?)
Porgies (9 spp.} 35 (Archosargus probatocephalus, 0
Calamus arciifrons, C. bajonado,
C. leucosteus?, C. calamus?)

Jacks (8 spp.) 0-2 (Caranx barthelomaei?, C. crysos?) 0
Tilefishes (3 spp.) 0 0
Triggerfishes (3 spp.} 1 (Balistes capriscus) 0
Wrasses (2 spp.) 1 (Lachnolaimus maximus) 0
Wreckfishes {1 sp.} ¢ 0
Spadefish (1 sp.} 1 {Chaetodipterus faber) 0
Totals ~21—26 species ~2-5 species

in deeper water (P. Gladding, pers. comm). Gag tagged off South Carolina have been
caught off east-central Florida within 6 mo, presumably after a 600-km migration (Van
Sant et al., 1994).

EsTUuaRY DEPENDENCE AND OppPoORTUNISTIC HaBITAT USE

We use ‘dependence’ to mean an obligate behavioral or physiclogical association. Tests
of estuary dependence require consistent evidence that at least one life stage is restricted
only to estuarine waters. For example, in the Dry Tortugas area, gray snapper settle in
grass habitats in strictly euhaline waters and use a variety of other high-salinity habitats
through maturity (Longley and Hildebrand, 1941; Starck, 1970). The nearest sizeable
estuary is in northern Florida Bay, over 150 km away. Gray snapper can possibly migrate
this distance, but because all demersal size classes occur in the Dry Tortugas area, estuary
dependence as a species-wide paradigm is excluded.

Consistent evidence of an obligate association with low-salinity habitats during at least
one life stage exists for at least two to five species in the management unit (Table 4).
Many other species also occur in estuarine bays or lagoons, but conspecifics of the same
age can also be found outside of coastal bays or in outer portions of bays that are largely
euhaline. Evidence for such facultative associations with estuarine habitats, estuary op-
portunism, was found in 21-26 species (Table 4). Only the grouper and snapper families
had estuarine-dependent species, whereas eight families had species that used estuaries
opportunistically. The latter pattern appeared most commonly among grunts and snap-
pers but also among some species of groupers, porgies, and jacks.

EFH IDENTIFICATION AND MANAGEMENT
Building the EFH source document and comprehensive amendment involved extensive
input from writing teams and outside biclogical reviews (SAFMC, 1998b). However, it
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Figure 2. Several geographic subsystems of the east coast of Florida and the number and areas of
no-take marine protected areas (MPAs) within each. Various geographic systems can be identified
in this area; those used here have been distinguished by differing geomorphology and sediment
types (Hoffmeister, 1974; Marszalek et al., 1977), water temperatures (Briggs, 1974; Gilmore,
[995), or current systems {Lee et al., 1994},

also required input from many other interest groups and administrative agencies, further
modifying the path between research and administrative rule-making. As a result of (a)
the diversity of species in the snapper-grouper fishery management unit, (b) the potential
for ontogenetic habitat shifts within these species, (¢) the absence of precise habitat infor-
mation for much of the area, (d) the diverse array of interest groups that shaped the ad-
ministrative language, and (¢) the requirement for a “risk averse” approach (NQAA, 1996),
almost every structural habitat type within council jurisdiction was considered EFH
(SAFMC, 1998a). EFH-HAPC designations were also used for a variety of spatial cat-
egories within council jurisdiction. These include structural habitat types (e.g., seagrasses,
mangroves, corals), specific Jocations (Charleston Bump, Ten Fathom Ledge), and areas
used during key biological processes (spawning sites) (SAFMC, 1998a).

The actual contribution of EFH to habitat management will involve the net outcome of
hundreds of site-specific consultation processes among many federal and state permit-
ting agencies. Application of EFH provisions will differ according to the source of the
potential impact: fishing gear or threats unrelated to fishing gear. During development of
the EFH amendment, existing council habitat management processes (summarized in
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SAFMC, 1998b) were modified to accommodate the new provisions. In coordination
with NMFS, the council will file comments with lead agencies when project impacts are
significant. The Habitat Advisory Panel and Committee will have several guidelines for
assessing project significance. Of particular concern are (1) projects that may set prece-
dent or involve critical or unique areas and (2) projects that may be elevated for NMFS
headquarters action pursuant to the National Environmental Policy Act or the Clean Wa-
ter Act.

ZOOGEOGRAPHIC SUBSYSTEMS AND SITING OF PROTECTED AREAS

An idealized system of protected areas will support fish populations within primary
areas of abundance and also protect potential sources of larval exchange among adjacent
regions. Characterizing differing geographic subsystems and the potential for regional
connectivity within council waters may be important in protected-area design. The coun-
ciljurisdiction includes two broad geographic regions: Cape Hatteras to the Cape Canaveral
area and Cape Canaveral to the Dry Tortugas. These areas differ substantially in biology,
climate, and geology and represent temperate, wide-shelf systems and tropical, narrow-
shelf systems, respectively. The primary zoogeographic transition zone occurs between
Cape Canaveral and Jupiter Inlet (Briggs, 1974), a distance of approximately 230 km.

Eastern Florida contains several geographic subsystems that may be relevant to pro-
tected-area siting {Fig. 2). The lower Florida Keys extends from the Dry Tortugas to the
Big Pine Key area, consists of oolitic facies of the Miami limestone, and has limited reef
development because of the many channels connecting with the turbid waters of Florida
Bay (Hoffiniester, 1974; Marszalek et al., 1977). Approximately 34.6 km? of this area is
within one large and 14 small protected areas administered by the Florida Keys National
Marine Sanctuary (Fig. 2). The upper Florida Keys subsystem, terminating off Biscayne
Bay, has less exchange with Florida Bay and more-developed reef systems (Marszalek et
al., 1977). Eight small protected areas encompass about 14.2 km?* of sanctuary waters
(Fig. 2). Substantial gyres or countercurrents can be present within both subsystems dur-
ing spawning seasons of many snapper-grouper species (Lee et al., 1994). These gyres
can last longer than the known PLDs of snappers and groupers (Table 3), and within-
subsystem retention is possible. The presence of these gyres is variable, however, and
propagules in the Florida Current that are not influenced by meanders of the western
frontal boundary may also be transported downstream {Lee and Williams, 1999).

The mainland and associated sedimentary barrier islands of southeast mainland Florida
differ from the Keys in geologic origin (Hoffmeister, 1974), reef characteristics (Goldberg,
1973), and flow fields (Lee and Mayer, 1977; Lee et al., 1994). There are no reserves
within this area (Fig. 2). In east-central and north Florida, the shelf becomes wider, tur-
bidity increases, and the climate is more temperate. The southern portion of this area
includes the Experimental QOculina Research Reserve (238 km?) off Fort Pierce, where
catches of all snapper-grouper species have been prohibited by the council since 1994.
From southeast mainland Florida through the Carolinas, the western boundary of the
Gulf Stream sheds occasional eddies that last 2—14 d and are associated with upwelling
and elevated production (Lee and Mayer, 1977; Atkinson et al., 1985). As in the Keys,
known current systems may promote either retention within or advection among adjacent
shelf systems.



944 BULLETIN OF MARINE SCIENCE, VOL. 86, MO, 3, 2000

DiscuUssION

SpawNING LOCATIONS

Spawning aggregations are useful focal points for EFH and protected-area manage-
ment, as they are concentrated production sites and can be predictable in space and time.
Detailed documentation of spawning aggregation sites for snapper-grouper species is
lacking, however, for the southeast United States. Constraints on studying spawning events
(e.g., gathering behavioral data in deep water at dusk or at night) also limit knowledge of
habitat attributes that favor spawning. Increased scientific use of fishermen can aid timely
identification of sites, because their sampling efficiency in locating aggregations is high
(Johannes, 1981; Poizat and Baran, 1997). Such exercises may also increase confidence
in the regulatory process (Dyer, 1994; DeMaria, 1996). Failure to build support among
fishermen can terminate protected-area initiatives as in the proposed National Marine
Sanctuary at La Parguera, Puerto Rico (Valdes-Pizzini, 1990; Fiske, 1992). With new
information, the council will build maps of spawning areas for use in both protected-area
and EFH management (SAFMC, 1998b).

In the present study, fishermen identified 22 areas in the lower Keys that may serve as
spawning-aggregation sites for eight snapper species. Evidence for spawning aggrega-
tions for four of these species and 18 of these sites was previously unavailable. In total,
spawning aggregations of three grouper and eight snapper species at 25 sites have now
been potentially identified within or adjacent to council jurisdiction {(Wicklund, 1969;
Gilmore and Jones, 1992; Domeier et al., 1996; Eklund et al., this issue; present study).
Various behaviors can characterize such groupings, and available information suggests
most species form transient aggregations, but simple migratory spawning may also occur
(e.g., gray snapper, Domeier and Colin, 1997).

The most important site currently known is Riley’s Hump, where aggregations of five
snapper species were tentatively identified. Other families may also spawn at these sites,
including black grouper and permit (Trachinotus falcatus) (D. DeMaria, pers. comm. ).
Other major sequential spawning sites are unidentified in or adjacent to council waters.
The attributes that make Riley’s Hump attractive to spawning fishes may involve cross-
shelf positioning and, on a finer scale, structural habitat types. It is one of the most up-
stream projections of the 80—110-ft contour of the Florida Reef Tract and is at the conver-
gence of currents from the Yucatan Channel, Gulf of Mexico, and Florida Straits. Com-
parative studies of Riley’s Hump and similar sites nearby that lack aggregations (Ault and
Bohnsack, unpubl. data) are necessary before primary causal mechanisms of the Riley’s
Hump aggregations can be identified. It is often assumed that shelf-edge environments of
moderate to high structural relief are ideal release sites because they reduce predation on
batches of eggs. Many sites that appear to meet these criteria, however, are not used for
spawning (e.g., Colin and Clavijo, 1988; Shapiro et al., 1988).

There may be substantial geographic differences in spawning aggregation patterns. In con-
trast to the Florida Keys, available evidence suggests that more temperate shelf areas of east-
central Florida and the Carolinas may have fewer snapper-grouper spawning aggregations
and less site fidelity (Govoni and Hare, in press; B. Hartig and F. Rohde, pers. comm.). For
example, potential spawning aggregations of gray snapper south of the Jupiter Inlet have
been fished for over 10 yrs, but consistent use from year to year of any individual site has not
been observed (B. Hartig, pers. comm.). Grimes (1987) assembled evidence that insular
snapper populations spawn over longer periods than continental populations. Other intraspe-



LINDEMAN ET AL.: COMPARATIVE DEVELOPMENTAL PATTERNS 945

cific patterns of spawning may also vary geographically (Coleman et al., 1999). Lane snap-
per aggregations occur at shelf-edge areas of Cuba (Claro, 1981) but are recorded only from
shallow areas inside the shelf edge in the lower Keys (Table 2). Within snapper species,
spawning seasons in Cuba, Jamaica, and Puerto Rico can differ substantially (Garcia-Cagide
et al., 1994; Munro, 1983; J. Garcia-Saez, pers. comm.). These and other examples suggest
that broad management assumptions about spawning may be counterproductive and that
expanded research efforts are necessary.

L ArvaL DURATIONS AND SETTLEMENT

Grouper larvae may be less subject to retention than snappers, as they may be in the
water column one-third longer, but larval behaviors and seasonal current variations that
foster retention may influence transport more than larval durations alone. Besides differ-
ences in spawning seasons and PLDs, larvae of these two families show similar mor-
phologies, abundance patterns, and possibly diel behaviors (Houde and Dowd, 1976; Leis,
1987). At settlement, the use of nighttime flood tides also appears similar (Keener et al.,
1988: Halvorsen, 1994; Colin et al., 1997), as do the microstructure of otolith transition
areas, settlement size, and the rates of metamorphosis (Keener et al., 1988; Lindeman et
al., in prep.).

Other families differ in many of these characteristics. Grunts settle at half the size and
half to one-third the age of many species. Late-stage grunt larvae are epibenthic, feeding
on plankton for weeks after settlement and undergoing a slow metamorphosis character-
ized by several discrete morphological and ecological transitions over several months
after settlement (Lindeman, 1997a). On the basis of PLDs and behavioral evidence, the
grunts may be more subject to larval retention than any other family in the snapper-
grouper fishery management unit.

The species with the longest PLD, Balistes vetula, is well documented from Sargassum
collections. Little evidence suggests that snappers, groupers, or grunts associate with Sar-
gassum offshore, although older larvae may associate with floating vegetation when ad-
vected through channels before or at scttlement. Collections from Sargassum entering chan-
nels on flood tides during documented periods of grouper and snapper ingress (see, e.g.,
Keener et al., 1988; Halvorsen, 1994) could be used to test this possibility.

Two types of evidence used to predict larval connectivity, PLLDs and surface drifter
paths, may also be misleading. Information is needed on larval behaviors that may coun-
teract the effects of currents or long PLDs, such as vertical maneuvering ability. Some
information can be indirectly obtained from plankton surveys and laboratory rearing and
may be most feasibly obtained from late-stage larvae. Exceptional swimming speeds have
been observed in older larvae (Leis et al., 1996; Stobutzki and Bellwood, 1997). Late-
stage larvae have well-developed sensory capabilities and mobility and may maneuver
toward temperature or auditory cues (Doherty et al., 1996; Stobutzki and Bellwood, 1998).
Substantial maneuvering abilities may also be necessary to traverse frontal boundaries
before settlement (Miller, 1988; Govoni, 1993; Limouzy-Paris et al., 1997). The period
between initial competency to settle and continuous association with the bottom may be
characterized by several life-history strategies (Leis, 1987; Richards and Lindeman, 1987),
including varying degrees of habitat sampling by individuals or groups of potential set-
tlers (Leis, 1991; Kaufman et al.,, 1992; Cowen and Sponaugle, 1997; McCormick and
Makey, 1997). Characterizing structural and water-quality attributes influencing behav-



S46 BULLETIN OF MARINE SCIENCE, VOL. 66, NC. 3, 2000

jor of settlement-competent stages is fundamental to identifying primary nurseries and
EFH-HAPCs.

CRross-SHELF HaBrtar USE

The time between spawning and settlement does not exceed 3—4 mo for snapper-grou-
per species, whereas the demersal period lasts 440 yrs {Claro, 1994). Fine-scale infor-
mation on demersal life-stage distributions across the shelf is limited for almost all spe-
cies. Our estimates of cross-shelf distribution patterns and dependence on estuaries are
hypotheses suggested by available evidence. Interpretations of distributions will be modi-
fied by new information. Even with detailed information, long-term fishing effects on
population structure and habitats may have modified cross-shelf distributions in manners
that confound the postdisturbance identification of natural patterns (C. Koenig, pers.
comuin. ).

A reexamination of fundamental assumptions about estuary dependence in the snap-
per-grouper fishery-management unit may be necessary. Few criteria have been explicitly
considered in designating species estuary-dependent. The dependence of fishes on tem-
perate salt marshes is often assumed, although the mechanisms can be difficult to con-
firm (Boesch and Turner, 1984). This assumption has grown to include a variety of habi-
tats in the tropics (Robertson and Duke, 1987). The term ‘dependence’ implies obligate
use. This criterion suggests testable hypotheses. For example, if a species can use estua-
rine habitats, but all life stages are also recorded from nonestuarine areas, dependence is
logically excluded. In addition to a lack of assessment criteria, alternatives to estuary
dependence are often unexamined. Exceptions include Lenanton and Potter (1987), Blaber
et al. (1989), and Able and Fahay (1998), who concluded on the basis of juvenile occur-
rence outside of estuaries as well as inside, that many species used estuaries facultatively
rather than obligately.

An ongoing habitat-management issue concerns the Dry Tortugas, where two protected
areas are proposed, the majority of snapper-grouper species occur, and no true estuaries
are present. Most shallow-water habitats near the proposed areas are within Dry Tortugas
National Park. The park has substantial Thalassia beds and some beachrock outcroppings
(Ginsburg, 1953). Yellowtail snapper have been abundantly seined in grassbeds (Longley
and Hildebrand, 1941), and newly settled gray snapper (>100 specimens from one roten-
one collection) have been collected at depths less than 1 m in dead Thalassia blades next
to beachrock (Starck, 1970). No submerged mangrove habitats occur in the park, how-
ever, and juvenile stages have been most commonly recorded from shallow, hard-bottom
areas and grassbeds (Longley and Hildebrand, 1941). The Marquesas Keys, about 6( km
to the east, have the nearest submerged mangrove habitats as well as the largest and most
complete suite of grassbed, mangrove, and shallow-reef habitats for juvenile stages of
any area in the vicinity of the proposed protected areas.

ADMINISTRATION OF ESSENTIAL FisH HABITATS

EFH Identification and Management.—All regional fishery-management councils with
reef-fish plans generated broad EFH designations. The amendment to the Gulf of Mexico
Reef Fishery Management Plan (39 species in five families) identified EFH based on
where life stages of 13 representative species and the coral complex commonly occur.
The Reef Fishery Management Plan of the Caribbean Fishery Management Council in-
cludes 139 species in 39 families. EFH was based on the occurrence of 17 selected spe-
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cies and the coral complex. Both councils concluded that life stages of some managed
species occurred in all marine and estuarine waters of their areas, and EFH included all
waters and substrates from the shoreline to the seaward limit of the Exclusive Economic
Zone (CFMC, 1998; GMFMC, 1998).

The EFH definitions for the multispecies reef-fishery plans of the South Atlantic, Gulf
of Mexico, and Caribbean councils reflected the input of every federal and state agency
concerned with fish or habitat management in their regions, as well as dozens of univer-
sity, private-sector, nonprofit, and fishery-industry reviewers. The broad designations are
the result of incomplete information, a short administrative time line, a mandate for risk-
averse management, and a rule-making process that encourages diverse interest groups
and agencies to influence the final administrative language.

The initial EFH designations serve as reference points for agencies commenting on
activities that may threaten important habitats. The council seeks more precise EFH des-
ignations and will amend fishery-management plans as new methods and information
allowing more detailed characterizations become available (e.g., Christensen et al., 1997;
Rubec et al., 1999; Ault et al., 1999). For example, the council is working with many
agencies to develop GIS data layers that identify fine-scale habitat distributions, abun-
dances of differing life history stages of managed species, and distributions of both EFH
and EFH-HAPCs. Ultimately, such information will correlate species production rates
with habitat requirements.

Through plans and amendments first implemented in 1983, the council has restricted
fishing impacts on habitats (summarized in SAFMC, 1998a,b) to the extent that few
activities identified in reviews of gear impacts {e.g., Auster and Langton, 1999) are un-
regulated in its jurisdiction. As a result of these past actions and the new EFH amend-
ment, the council has prevented, mitigated, or minimized many habitat impacts by most
fisheries under its jurisdiction. Research on fishing-gear impacts on EFH is still badly
needed, however, and may reveal further regulatory needs.

Protecting EFH from nonfishing impacts is more complicated for several reasons. First,
dozens of possible stressors result from nonfishing sources (SAFMC, 1998b). Second,
the diversity of interest groups and their influences are much greater than those of fishing
interests alone. Third, a greater diversity of agencies must continuously process high num-
bers of permit requests. The councils and NMFS can comment on projects that affect
EFH in any waters but have no direct regulatory authority over construction activities, a
continuous source of nearshore impacts. Existing review processes can be improved in
several ways, however. For example, the Army Corps of Engineers generates Findings of
No Significant Impact (FONSIs) to release projects from formal environmental assess-
ments or impact statements. FONSIs could be less frequent if impacts to EFH-HAPCs
are considered. Establishing solid precedents during initial interagency consultations will
critically influence the utility of EFH in managing nonfishing impacts.

The effects of many human-caused stressors on habitat function are difficult to mea-
sure at the population level. Cumulative effects can develop even when the effects of
individual projects are subtle and administratively acceptable. Yet analyses of cumula-
tive effects are often absent from individual coastal construction permits, despite the
profound effects that multiple habitat modifications can have (Odum, 1982; Vestal and
Rieser, 1995). Habitat permitting requires repetitive reviews of limited databases and
can emphasize why impacts seem acceptable, rather than what is not known about project
effects on habitat functions or potentially lethal and sublethal effects over time on key
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populations. Therefore, optimistic assumptions from past permit decisions can, in time,
be codified as administrative dogma (Lindeman, 1997b). Given the potential for long-
term negative effects on EFH, expanded assessment of cumulative effects during per-
mitting is necessary.

MARINE PROTECTED AREAS

Two fundamental spatial scales in protected area planning correspond to the demersal
and pelagic stages of reef-associated species: the cross-shelf area enclosed within no-take
reserves (within-reserve scale) and the potential for connectivity, or lack thereof, among
multiple protected areas (among-reserve scale). Design decisions may be aided by ex-
plicit consideration of both scales.

The Within-Reserve Scale.—Protected areas boundaries should encompass a wide di-
versity of habitats (Salm and Clark, 1989; Roberts et al., 1995). Because many species
settle in shallow areas, inshore of areas inhabited by adults, the identification of ontoge-
netic cross-shelf migration paths can suggest reserve boundaries. The distance, timing,
and habitats used in these migrations can vary within families. For example, several im-
portant grouper species settle inshore and use both vegetated and reef habitats as they
migrate offshore (e.g., gag, black grouper). Many other grouper species associate prima-
rily with reef habitats and often settle in deeper areas (Table 1). Cross-shelf migration
patterns of adults may vary within species as well (Appeldoorn et al,, 1997). No-take
areas of the Florida Keys National Marine Sanctuary do not extend beyond 18 m depth
and do not encompass nearby spawning aggregations (e.g., Carysfort, Eklund et al,, this
issue; Sand Key, Table 2).

One protected-area design may not be optimal for all species within multispecies man-
agement units, but species groups of particular economic and ecological importance can
be identified to help focus design decisions. These groups should be identified early in
the process to foster consensus among decision makers and to filter out less significant
biological information. Such groups can be stratified according to many characteristics
including economic value, shared nursery areas, cross-shelf migratory paths, and spawn-
ing patterns. In addition, ecosystem management concepts based on trophic (Pauley et
al., 1998) or other interspecific relationships may be better organized by identification of
shared patterns among key species groups within multispecies management units.

Design alternatives under council consideration include the placement of artificial reefs
on relatively barren portions of the shelf on which limited or no catch would be permit-
ted. Favorable attributes include experimental value and popularity among fishermen. If
such structures are not used as off-site mitigation for impacts from shoreline construction
projects and do not substitute for reserves that include natural reefs, they could serve as
useful management tools that effectively allow the fine-scale positioning of both new
habitats and protected areas.

Without both research monitoring and consistent law enforcement, effects of protected
areas on fish diversity and biomass cannot be assessed, and a primary value of these
areas, their potential as control sites, is lost. Protected-arca implementation should re-
quire a clearly defined monitoring program and, as important, mechanisms to fund it.
Inconsistent law enforcement can also make the science moot (e.g., when concentrated
poaching events take place during spawning aggregations). Enforcement input is there-
fore a critical component of the council’s design process. For example, the Law Enforce-
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ment Advisory Panel has recommended that boundary lines intersect at right angles and
align with primary longitude and latitude lines whenever possible.

The Among-Reserve Scale.—Interreserve connectivity imay be a key component of pro-
tected-area function (Roberts, 1997; Sladek Nowlis and Roberts, 1999). As connectivity
may be driven by pelagic developmental pathways (in cases where larval transport is
more likely than retention), it is logical to establish pairs or triads of protected areas in
networks that overlie shared flow fields among adjacent geographic systems. In council
waters, a preliminary network arguably exists between the lower and upper Keys, which
have 15 and 8 reserves, respectively. The mainland southeast coast of Florida, however,
an area of high reef-fish diversity (Lindeman and Snyder, 1999) that probably receives
some larvae spawned in the Keys, has no protected areas (Fig. 2). In addition to pelagic
stages, demersal adults can migrate large distances (e.g., gag from South Carolina to
northwest Florida, G. Sedberry, pers. comm.).

Networks of protected areas may maximize stock sustainability in the presence of varying
external and local recruitment. This approach is prudent, as the geographic paths, and
variability, between specific source and sink areas are rarely known. Also, large-scale
zoogeographic distributions and underlying mechanisms are incompletely detailed. In
addition to new genetic information, delineating metapopulations and probability distri-
butions of their ‘boundaries’ across multiple spatial scales may require the use of otolith
microchemistry (Thorrold et al., 1998) and, possibly, new approaches to zoogeographic
analysis (e.g., Humphries and Parenti, 1999).

One approach to evaluating interregion connectivity may not be optimat for all species.
Spawning behaviors and sites vary widely among species as do PLDs and larval behav-
iors, but species groups can also be identified to help focus decision making. Important
group attributes include: (1) presence of spawning aggregations, (2) site characteristics
of primary spawning areas, (3) PLDs, and (4) potential larval behaviors. Available infor-
mation on local and downstream flow-field characteristics can be summarized for alter-
native sites, and indices of relative advection or retention can potentially be developed for
some species groups in well-studied areas.

In application, connectivity among downstream protected areas has not always been an
explicit design component within or adjacent to council waters. The Tortugas 2000 Work-
ing Group identified six criteria (biodiversity/habitat protection, fishery sustainability,
law enforcement, sufTicient size, socioeconomic impacts, and reference area use) to aid
the plotting of boundaries. None of these criteria explicitly focused on connectivity with
other reserves. The order of these criteria reflected the importance assigned to each in a
group ranking exercise involving many diverse parties within the working group. This
design exercise paralleled procedures employed in decision-support systems. Such tools
have aided group-based decision making within many disciplines and are underused in
fisheries management (Ault and Fox, 1989) and coastal land management (Lindeman,
1997b).

EFH aND PrOTECTED AREAS AS COMBINED MANAGEMENT INITIATIVES

This integration of EFH and protected-area initiatives is practical and necessary, as it
combines valuable tools that link coastal land management and fishery management.
These initiatives have common goals (e.g., ensuring sustainable use of exploited, interde-
pendent coastal resources) but involve differing administrative rules and regulated inter-
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ests. Coordinated use of EFH and protected areas by decision makers clearly comple-
ments the goals of integrated coastal management.

Protected-area regulations involve discrete restrictions on effort and are typically based
on law enforcement. In contrast, habitat regulations typically involve permit restrictions
on construction projects and site-specific review processes among multiple agencies. If
restrictions in a protected area only apply to size classes susceptible to fishing gear, early
life stages using inshore nursery areas and migratory habitats across the shelf can be left
unprotected. EFH-HAPC designations for habitats used by settlers and juveniles, com-
bined with no-take regulation of adult catches, can ensure that no life stages are unmanaged.

The most immediate protected-area issue involves the Dry Tortugas area, where the
Tortugas 2000 Working Group has proposed two no-take areas—Tortugas North (428
km?) and Tortugas South (207 km?). If implemented, this proposal will increase the total
area of no-take zones in the Florida Keys by more than an order of magnitude. Impor-
tantly, the locations of these areas were based on a proposal by representatives of the
commercial fishing industry, those most directly affected, and were approved by repre-
sentatives of a diverse array of interest groups and agencies.

The Tortugas South area was chosen specifically because it includes Riley’s Hump, the
most-upstream spawning-aggregation site of the Florida Reef Tract. The Gulf of Mexico
Council has jurisdiction over Riley’s Hump and previously established a two-month sea-
sonal closure (May—June) to protect mutton snapper aggregations. Evidence now sug-
gests that aggregations of gray snapper, cubera snapper, and other species are still heavily
fished during their peak spawning months, immediately after the closure ends. As many
species use Riley’s Hump for a sequential series of heavily fished spawning events, the
area qualifies as an EFH-HAPC for both habitat- and fishery-management purposes. A
year-round closure of Riley’s Hump or an extension of the existing closure is warranted to
sustain primary snapper stocks of the lower Keys and possibly areas to the north.
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